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Mice homozygous for the recessive mutation myelin
deficient (mld) exhibit a severe deficit in the synthesis of
myelin basic protein (MBP). The primary defect in mld
mice is an unusual rearrangement of the MBP gene. The
mld MBP locus consists of two tandem MBP genes that
span -90 kb of DNA; the upstream gene contains an
extensive inversion of its 3' region, while the downstream
gene appears identical to the wild-type gene. In this
report, the aberrant expression of the mldMBP locus was
examined by in situ hybridization with MBP genomic and
cDNA probes. In situ hybridization with a single-stranded
genomic probe from the inverted region of the mldMBP
gene revealed that primary transcripts initiating from the
upstream MBP promoter elongate through the inverted
region generating abundant antisense MBP hetero-
geneous nuclear RNA (hnRNA) transcripts in mid
oligodendrocytes. Little or no antisense MBP RNA was
detected in cytoplasmic regions in mid brain sections
indicating that the antisense MBP hnRNA transcripts are
not processed and transported out of the nucleus.
Furthermore, we provide evidence that these abnormal
transcripts elongate through the downshteam MBP gene's
promoter region, suggesting that transcription of the
downstream mld MBP gene is inhibited by readthrough
transcripts that originate at the upstream promoter.
Key words: antisense RNA/in situ hybridization/myelin
deficient mice/nuclear transcripts/transcriptional interference
Introduction
Mice homozygous for the recessive mutation myelin deficient
(shini or mld), an allele of the shiverer mutation, exhibit
severe CNS hypomyelination, hindquarter tremors, and
convulsions of progressively increasing severity, leading to
premature death (Doolittle and Schweikart, 1977). The mld
mutation is the result of an unusual rearrangement within
the gene coding for the myelin basic protein (MBP) (Akowitz
et al., 1987; Okano et al., 1987, 1988a,b; Popko et al.,
1987, 1988) which results in the dramatic reduction in the
synthesis ofMBP (Matthieu et al., 1980; Campagnoni et al.,
1984). The mid MBP locus is arranged as a tandem duplica-
tion spanning - 90 kb of DNA; the upstream gene contain-
ing an extensive inversion of its 3' region extending from
15 kb downstream of the second exon to - 15 kb
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downstream of the last exon (Popko et al., 1988). The 3'
breakpoint of the inversion is located - 7 kb 5' to the first
exon of the downstream mld MBP gene. Restriction mapping
and sequence data suggest that the downstream mld MBP
gene is identical to the wild-type gene from - 7 kb upstream
of the first exon to at least 10 kb downstream of the last
exon (Popko et al., 1988).
For reasons that are not yet clear, the mld MBP locus is
abnormally expressed in mld mice. Although the mld MBP
locus is transcribed at a rate comparable with that of the
wild-type gene in normal animals (Popko et al., 1988; Roch
et al., 1989) there are very low steady state levels of MBP
mRNA in mld mice (Roch et al., 1986; Akowitz et al., 1987;
Okano et al., 1987; Popko et al., 1987, 1988). These results
suggest that a large number of the MBP transcripts produced
in mld mice are abnormally unstable. Recent work has
suggested that transcripts that initiate off the upstream
promoter and elongate through the inverted region are a
likely source of the unstable MBP RNA transcribed in mld
mice (Okano et al., 1988b; Popko et al., 1988). The very
low levels of MBP mRNA observed in mld mice are
probably transcribed from the downstream gene because of
the abnormal structure of the upstream gene.
The reason why the downstream gene is so inefficiently
expressed in mld mice is not clear. Previously, the promoter
activity of the downstream mld MBP gene, isolated
from the rearranged upstream gene, was observed to be
indistinguishable from the wild-type MBP promoter when
assayed by in vitro transcription (Okano et al., 1988a). Also,
a cosmid clone of the wild-type MBP gene containing only
4 kb of 5' flanking and 1.5 kb of 3' flanking sequences was
observed to be expressed at high levels and on a normal
developmental schedule in transgenic mice (Readhead et al.,
1987). These studies indicate that the abnormal expression
of the downstream mld MBP gene is not the result of the
deletion or rearrangement of important transcriptional
regulatory sequences associated with the downstream mld
MBP gene. Thus transcription of the downstream gene may
be inhibited by the presence of the upstream gene.
Recently, the in situ hybridization technique has been
demonstrated to be a powerful approach to the identification
and quantitation of primary nuclear transcripts (Fremeau et
al., 1986, 1989; Berman et al., 1990). Therefore, to
characterize further the molecular basis of the abnormal
expression of the mld MBP locus in individual oligo-
dendrocytes, we conducted in situ hybridization with MBP
genomic and cDNA probes. Using a non-repetitive genomic
probe from the inverted region of the mld MBP locus, we
detected a high level of antisense MBP heterogeneous nuclear
RNA (hnRNA) transcripts in mid oligodendrocytes. Little
antisense MBP RNA was detected in cytoplasmic regions
of mld oligodendrocytes indicating that the mutant antisense
MBP hnRNA transcripts are not processed and transported
out of the nucleus. Furthermore, we demonstrate the
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presence of abundant hnRNA transcripts complementary to
the promoter region of the MBP gene in mld but not
wild-type animals. These results suggest that the transcripts
that have initiated at the upstream mld MBP promoter
elongate through the downstream MBP gene.
Results
In situ localization of MBP hnRNA and mRNA in
normal mouse brain
To characterize further the aberrant expression of the mutant
mid MBP locus in individual oligodendrocytes, we conducted
in situ hybridization studies with 35S-labeled, single-
stranded RNA probes derived from MBP genomic and
cDNA clones. With respect to the orientation of the
35S-labeled RNA probes, sense is meant to indicate the
orientation which is identical to the primary transcript and
antisense is meant to indicate the orientation which is
complementary to, and thus hybridizes with, the primary
transcript.
Initially, we characterized the hybridization pattern when
35S-labeled RNA derived from MBP genomic and cDNA
clones was hybridized to brain sections from normal mice.
The genomic probe that we used is the 3.2 kb Hindml
fragment labeled probe A in Figure 1. Note that this genomic
fragment is from a region of the mld MBP locus that is
inverted in the upstream mld MBP gene, contains
predominantly intervening sequences, and is without
repetitive elements. When sagittal brain sections from normal
mice were hybridized with 35S-labeled antisense RNA
derived from genomic probe A and the hybrids were detected
by nuclear track emulsion autoradiography, the silver grains
were predominantly localized over the nucleus of oligo-
dendrocytes in white matter regions (Figures 2A and 3A).
The observed nuclear localization of silver grains is
consistent with hybridization to MBP hnRNA. In contrast,
hybridization of serial sections from normal mice with
35S-labeled sense strand RNA derived from genomic probe
A, resulted in background labeling (Figures 2B and 3B).
When serial sections from normal mice were hybridized
with 35S-labeled antisense RNA derived from an MBP
cDNA clone containing exclusively exonic sequences, silver
grains were diffusely distributed over myelinated fibers
(Figure 2C) consistent with the previously described
subcellular transport ofMBP mRNA to the distal processes
of oligodendrocytes at or near sites of myelin compaction
(Colman et al., 1982; Trapp et al., 1987). Hybridization
of serial sections with 35S-labeled sense strand RNA derived
from the MBP cDNA resulted in background labeling
(Figure 2D).
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Fig. 1. Schematic diagram of the mld MBP locus. The genomic
organization of the mld MBP locus is taken from Popko et al. (1988).
Genomic probes used in the in situ studies are shown. Restriction
enzymes are indicated (H, HindIl; S, SmaI). Exons are numbered
according to their position in the wild-type MBP gene (Takahashi et
al., 1985). Circles represent the region to which the breakpoints of the
inversion have been localized.
Nuclear localization of antisense MBP RNA in mid
oligodendrocytes
Next, we compared the expression of the MBP locus in
individual oligodendrocytes of wild-type (wt/wt), hetero-
zygous (wt/mld) and mld (mld/mld) animals. A specific
signal of comparable intensity was observed over the nuclei
of oligodendrocytes from brain sections of each animal when
hybridized with 35S-labeled antisense RNA derived from
genomic probe A (Figure 3A, C and E and Figure 4). This
probe detects transcripts derived from the wild-type MBP
gene and the downstream mld MBP gene but, because of
the inversion, not from the upstream mld MBP gene. These
results indicate that the downstream mld MBP gene is
transcribed at a similar rate to the wild-type MBP gene.
When 35S-labeled sense strand RNA derived from
probe A was hybridized to brain sections from wild-type,
heterozygous and mld animals distinct patterns of labeling
were observed. As previously demonstrated (Figure 2B)
hybridization with this probe resulted in background labeling
in wild-type animals (Figure 3B). In contrast, high levels
of silver grains were specifically localized over the nuclei
of mld oligodendrocytes following hybridization with this
probe (Figures 3F and 4). These antisense MBP RNA
transcripts are most likely the result of transcription of the
upstream mld MBP gene. Hybridization with sense strand
probe A resulted in little or no specific labeling over
cytoplasmic regions of mld oligodendrocytes, indicating that
the antisense MBP transcripts are not exported out of the
mld nuclei. Oligodendrocytes from heterozygous animals
were observed to have levels of the antisense MBP hnRNA
transcripts intermediate between those observed in wild-type
and mld animals (Figures 3D and 4).
As a control, we hybridized mld and normal brain sections
with a probe for proteolipid protein (PLP) mRNA. PLP is
an intrinsic membrane protein of oligodendrocytes which
maps to a different genomic locus from the MBP gene.
Comparable autoradiographic signals were obtained when
mld and normal brain sections were hybridized with
35S-labeled antisense RNA derived from the PLP cDNA
clones (data not shown). Furthermore, hybridization of mld
and normal brain sections with 35S-labeled sense strand
RNA derived from the PLP cDNA resulted in background
labeling (data not shown). These results are consistent with
a previous report by Matthieu et al. (1984) that PLP gene
expression is not altered in mld mice.
The promoter region of the MBP gene is transcribed
in mid animals
The data presented in Figures 3 and 4, and previous studies
(Popko et al., 1988; Tosic et al., 1990), indicate that the
downstream mld MBP gene is transcribed at a comparable
rate to the rearranged upstream gene. The average density
of silver grains over mld nuclei hybridized with sense strand
probe A is >75% of that observed when similar sections
are hybridized with the antisense strand probe A (Figure 4).
Two possible explanations for this observation are: (i)
transcription initiates independently at the upstream and
downstream mld MBP promoters at a similar rate or (ii) the
RNA transcripts that initiate at the upstream mld MBP
promoter elongate through the downstream gene. To
examine whether transcripts arising from the upstream gene
elongate through the downstream MBP gene's promoter
region, we carried out in situ hybridization experiments using
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a probe from the 5' promoter region of the MBP gene labeled
genomic probe B in Figure 1. When 35S-labeled antisense
RNA derived from genomic fragment B was hybridized to
mld brain sections, silver grains were specifically localized
over the nuclei of mld oligodendrocytes (Figure 5A, C and
E). In contrast, hybridization of wild-type brain sections with
35S-labeled antisense genomic probe B RNA resulted in
background labeling (Figure SB, D and F). Computer
assisted quantification of silver grain density revealed that
the average intensity of silver grains over 100 mld nuclei
(58 arbitrary intensity units) was - 15-fold higher than the
average intensity of silver grains over 81 wild-type nuclei
(4 arbitrary intensity units). The signal observed over
mld nuclei following hybridization with antisense probe B
(Figure 5) is comparable with that observed over mld nuclei
following hybridization with either antisense or sense probe
A (Figures 3 and 4). The existence of abundant transcripts
derived from the MBP promoter region in mld animals
suggests that the transcripts that initiate off the upstream mld
MBP gene elongate through the downstream MBP gene's
promoter region.
Kitamura et al. (1990) have recently demonstrated that
the 211 nucleotides immediately upstream of the predoniinant
transcription initiation site of the wild-type MBP gene are
occasionally present in MBP transcripts due to the presence
of an upstream transcription initiation site. Nevertheless,
because we do not detect these transcripts in control animals
(Figure SB, D and F) their presence should not influence
the interpretation of our data. Furthermore, our inability to
detect these transcripts, which are present at low levels
relative to the predominant MBP transcripts (Kitamura et
al., 1990), demonstrates that our assay, which utilizes
35S-labeled probes, is not exceptionally sensitive. This
provides further evidence that the signal we detect in mld
brain sections with antisense probe B (Figure 5) represents
abundant transcripts rather than rare RNA molecules.
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Fig. 2. Differential localization of MBP hnRNA and mRNA in sections of normal mouse brain. Sagittal sections through the cerebellum were
hybridized with either (i) 35S-labeled single-stranded RNA probes in the antisense (A) or sense (B) orientation derived from genomic probe A or (ii)
35S-labeled single-stranded RNA probes in the antisense (C) or sense (D) orientation derived from an MBP cDNA clone. Note the specificd
localization of silver grains over the nuclei of oligodendrocytes hybridized with 35S-labeled antisense RNA derived from genomic probe A. In
contrast, note the diffuse distribution of silver grains over myelinated fibers of the cerebellar white matter (wm) following hybridization with 35S-
labeled antisense RNA derived from the MBP cDNA clone (C). Key: wm, cerebellar white matter; gl, granular layer; ml, molecular layer.
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Fig. 3. Localization of antisense MBP RNA in the nucleus of myelin deficient oligodendrocytes. Sagittal brain sections from normal (A,B),
heterozygous mld/wt (C,D) and myelin deficient mld/mld (E,F) mice were hybridized with 5S-labeled antisense (A,C,E) or sense strand (B,D,F)
RNA probes derived from genomic probe A. Note that hybridization of myelin deficient brain sections with 35S-labeled sense strand RNA from
genomic probe A resulted in high levels of silver grains over the nucleus of oligodendrocytes (F). In contrast, as expected, hybridization of brain
sections from normal mice with the sense strand probe resulted in background labeling (B). Heterozygous mld/wt mice were observed to have
intermediate levels of silver grains over the nucleus of mld oligodendrocytes following hybridization with the sense strand genomic probe A RNA
(D).
Discussion
The mld MBP locus consists of two tandem MBP genes,
with the upstream gene containing an extensive inversion
of its 3' region, while the downstream gene appears
essentially wild-type (Popko et al., 1988). This unusual
organization of the mld MBP locus is associated with an
abnormal pattern of expression. Thus, although the mld MBP
locus is transcribed at a rate comparable with that of the
wild-type MBP gene (Popko et al., 1987; Roch et al., 1989),
there are very low steady state levels ofMBP mRNA in mld
mice (Roch et al., 1986; Akowitz et al., 1987; Okano et
al., 1987; Popko et al., 1987, 1988). In this study we
demonstrate that primary transcripts which initiate at the
upstream MBP promoter elongate through the inverted
region of the upstream mld MBP gene and generate abundant
antisense heterogeneous nuclear RNA transcripts in mld
oligodendrocytes. These abnormal transcripts do not appear
to be processed and/or transported out of the nucleus. This
conclusion is based on our inability to detect significant levels
of antisense MBP RNA in cytoplasmic regions of mld
oligodendrocytes. These antisense hnRNA transcripts which
contain exons and their splice recognition sequences in
opposite orientations most likely represent the abnormally
unstable MBP transcripts previously described in mld mice
(Popko et al., 1988). Tosic et al. (1990) have also recently
demonstrated that antisense MBP transcripts are not present
in cytoplasmic RNA samples from the brains of mld mice.
Because of the abnormal structure of the upstream gene,
the low level of normal transcripts present in mld mice most
likely arises from transcription of the downstream mld MBP
gene. Eighteen-day-old mid animals express -2% of normal
MBP RNA levels (Okano et al., 1987; Popko et al., 1987;
Roch et al., 1987). These results suggest that the expression
of the downstream gene in mld animals is inhibited - 50-fold












Fig. 4. Computer assisted quantification of silver grain densities.
Following nuclear track emulsion autoradiography silver grain densities
were quantitated utilizing a computer imaging system that allowed us
to obtain densitometric readings on individual nuclei. For each animal
probe combination the silver grain density was determined for 41
nuclei. Furthermore, for each animal probe combination 18-25
background readings, areas without nuclei, were determined, the
average of which was subtracted from each nuclear reading in that
group. Error bars indicate the standard error of the mean. The results
obtained for the three genotypes hybridized with the antisense probe
were not significantly different in a two-tailed t test with P > 0.2.
The results obtained for the three genotypes hybridized with the sense
probe were all significantly different with P < 0.0005.
indicated that the abnormal expression of the downstream
mld MBP gene is not the result of the deletion or re-
arrangement of important transcriptional regulatory
sequences associated with the downstream mld MBP
gene (Okano et al., 1988a; Popko et al., 1988). These
observations suggest that expression of the downstream gene
is probably inhibited by the presence of the rearranged
upstream mld MBP gene.
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Fig. 5. The MBP promoter region is actively transcribed mn mld mice. Sagittal brain sections from myelin deficient (A,C,E) or normal (B,D,F)
mouse brains were hybridized with 35S-labeled antisense RNA derived from genomic probe B (see Figure 1). This genomic fragment is from the
normally non-transcribed promoter region of the MBP gene and lacks repetitive elements. The specific localization of silver grains over the nucleus
of mld oligodendrocytes (A,C,E) is consistent with readthrough transcription of the abnormal transcripts initiating from the upstream mid MBP
promoter through the downstream MBP gene's promoter region. Brain regions shown are the anterior commissure (A,B) and the corpus callosum
(C,D,E,F).
Our demonstration that the downstream mld MBP gene's
promoter region is abundantly transcribed, probably by RNA
polymerases that initiate at the upstream promoter, provides
support for the hypothesis that transcription initiation of the
downstream mld MBP gene is inhibited by a process of
transcriptional interference. The transcripts that arise from
the upstream promoter probably fail to terminate correctly
because the polyadenylation and transcription termination
signals are inverted in the upstream gene (Popko et al.,
1988). Promoters subject to readthrough transcription by
RNA polymerase from upstream transcription initiation sites
have been demonstrated to have a reduced potential to initiate
transcription (Hausler and Somerville, 1979; Adhya and
Gottesman, 1982; Cullen et al., 1984; Kadesch and Berg,
1986; Proudfoot, 1986; Bateman and Paule, 1988; Corbin
and Maniatis, 1989; Vales and Darnell, 1989). Transcrip-
tional interference, also known as promoter occlusion, has
been demonstrated in eukaryotic ribosomal and mRNA
transcriptional units, as well as in prokaryotic genes.
We cannot formally rule out a possible intermolecular
trans effect of the upstream antisense MBP RNA molecules
on the expression of the downstream mld MBP gene. If
transcription initiated independently at the downstream mld
MBP promoter, then it is possible that antisense RNA
transcripts from the upstream gene could form interstrand
duplexes with the normal MBP transcripts arising from the
downstream gene. Nevertheless, we believe that such a trans
effect is unlikely based on our observation that transcripts
initiating from the upstream promoter elongate through the
downstream mld MBP gene's promoter (Figure 5A, C and
E). It would seem more likely that the region of the RNA
molecule that is transcribed through the inverted region of
the upstream gene and its antisense would hybridize with
the complementary region of the transcript arising from the
downstream gene forming an intrastrand duplex.
Interestingly, Tosic et al. (1990) have recently reported
nuclear run-off studies in which they were unable to detect
transcription of the promoter region of the downstream mld
MBP gene. It is not immediately obvious why the RNA
transcripts complementary to the MBP promoter region that
we detect in situ in mld nuclei are not detected with the
nuclear run-off assay. Possibly, the 25 min incubation time
allowed for the RNA transcripts to elongate in the in vitro
transcription assay of Tosic et al. (1990) is sufficient to allow
degradation of very unstable RNA molecules. The in situ
hybridization approach that we have used to identify the MBP
promoter derived transcripts has been demonstrated to be
a powerful approach to the identification and quantification
of primary nuclear transcripts (Fremeau et al., 1986, 1989;
Berman et al., 1990). Specifically, in this study we observed
a significant reduction in the amount of the mutant antisense
MBP RNA present in mld/wild-type animals relative to the
amount detected in mld/mld mice (Figures 3 and 4) that is
probably due to the difference in mutant gene dosage in these
animals. Therefore, we feel confident that the abundant MBP
promoter derived transcripts that we detect in nuclei from
various mld brain regions (Figure 5) represent authentic,
although possibly very unstable, nuclear transcripts.
In conclusion, we have directly demonstrated the presence
of high levels of antisense MBP hnRNA in the nucleus of
mld oligodendrocytes. These antisense hnRNA transcripts
appear to have initiated off the upstream mld MBP promoter
and to have been transcribed through the inverted region of
the upstream mld MBP gene. We have also provided
evidence indicating that the transcripts initiating off the
upstream promoter elongate through the downstream gene,
suggesting that intramolecular complementarity may
contribute to the instability of these transcripts. These data
are consistent with the hypothesis that the transcriptional
activity of the downstream mld MBP gene is inhibited by
readthrough transcripts that originate from the upstream mld
MBP promoter.
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Materials and methods
RNA probes
The 3.5 kb HindI fragment designated probe A in Figure 1 (Takahashi
et al., 1985), the 1.3 kb HindIII-SmaI fragment designated probe B in
Figure 1 (Takahashi et al., 1985) and the rat MBP (Roach et al., 1983)
and PLP (Milner et al., 1985) cDNA clones were subcloned into the
polylinker of the pBluescript KS vector (Stratagene, Inc.). The synthesis
of the 35S-labeled sense and antisense single-stranded RNA probes with T7
and T3 RNA polymerase was carried out as described by the manufacturer
(Promega, Inc.). Unincorporated nucleotides were removed by Sephadex
G-25 column chromatography. The specific activity of the 35S-labeled
probes was > 108 c.p.m./$g.
In situ hybridization
In situ hybridization was conducted essentially as described by Fremeau
et al. (1986, 1989). Mice (28-30 days old) were anesthetized by i.p.
injection of sodium pentobarbital and the systemic circulation was rinsed
by cardiac perfusion with 10 ml of 0.9% saline at 4°C. Animals were then
perfused with - 50 ml of ice-cold 4% paraformaldehyde in 0.1 M phosphate
buffer (pH 7.4) through the aorta. After perfusion the mice were decapitated,
the brains were removed and placed in 4% paraformaldehyde in 0.1 M
phosphate buffer at 4°C for an additional 4-6 h. The brains were then
cryoprotected in 15% sucrose in phosphate-buffered saline (PBS) at 4°C
for 12-16 h. Brains were embedded in M-1 embedding matrix (Lipshaw
Manufacturing Co.) and frozen in liquid nitrogen. Sections (15 itm) were
cut with a Hacker Cryostat microtome, thaw-mounted onto gelatin
(1.5 mg/ml; Sigma) and poly-L-lysine (0.1 mg/ml; Sigma) coated glass
microscope slides, and stored at -70°C until use. Tissue sections were
thawed and dried under vacuum for 30 min. Tissue sections were then
illuminated with a germicidal UV lamp (wide-spectrum UV light) for 5 min
at a distance of 30 cm to postfix the biological material and to attach the
tissue firmly to the slides. The tissue sections were washed for 10 min in
2 x SSC (SSC: 0.15 M NaCl, 0.015 M sodium citrate, pH 7.0) and then
covered with prehybridization buffer (50% formamide, 0.6 M NaCl, 10 mM
Tris-HCI, pH 7.5, 0.02% Ficoll, 0.02% polyvinyl pyrollidone, 0.1%
bovine serum albumin, 1 mM EDTA, pH 8.0, 50 ,g/ml salmon sperm
DNA, 500 jg/ml yeast total RNA, 50 pg/ml yeast transfer RNA) and
prehybridized for 60 mmn at 50°C. Following prehybridization, the buffer
was removed, and the tissue sections were covered with hybridization solution
(50% formamide, 0.6 M NaCl, 10 mM Tris-HCI, pH 7.5, 0.02% Ficoll,
0.02% polyvinyl pyrollidone, 0.1% bovine serum albumin, 1 mM EDTA,
pH 8.0, 10 kg/ml salmon sperm DNA, 50 ig/ml yeast total RNA, 50 ug/ml
yeast transfer RNA, 10 mM dithiothreitol, 10% dextran sulfate) containing
5 x 106 c.p.m./ml heat denatured (15 min at 650C), 35S-labeled RNA
probes and hybridized for 16-18 h at 500C. After hybridization the slides
were washed for 60 min in 2 x SSC at 50°C. The slides were then treated
with RNase A (30 jtg/ml) in 0.5 M NaCl, 10 mM Tris-HCI, pH 8.0, for
60 min at 37°C and then washed for 60 min at 500C in 2 x SSC. The
slides were then washed in 3 1 of 0.1 x SSC, 14 mM 3-mercaptoethanol,
0.15% sodium pyrophosphate for 3 h at 550C followed by an overnight
wash in the same buffer at room temperature. The sections were then
dehydrated in graded ethanols containing 0.3 M ammonium acetate and dried
in a vacuum desiccator. For visualization of the hybrids, the slides were
dipped in Kodak NTB2 nuclear track emulsion (Eastman Kodak) and exposed
for 4-6 weeks in light-tight boxes at 4°C with desiccant capsules.
Development was carried out in Kodak D-19 developer as described by
the manufacturer. After fixation, the slides were washed for 30 min in
distilled water and stained with hematoxylin and eosin. The sections were
analyzed with a Leitz microscope equipped with polarized light epi-
luminescence. The sections were photographed with Kodak Ektachrome
160 tungsten film. The density of silver grains over individual nuclei was
quantitated utilizing the Image 1 image analysis computer program (Universal
Imaging Corporation). The light intensity over individual nuclei was
determined densitometrically and the average background reading subtracted
from each reading.
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